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Biotite phenocryst-rich high-K basaltic boulder from upper stream of the Kuzuryu River in

Katsuyama City, Fukui Prefecture
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Abstract: Boulders of biotite-phenocryst-rich, high-K
basaltic rock were discovered in the upper stream of
the Kuzuryu River in Katsuyama City, Fukui Prefec-
ture. The biotite phenocrysts are zoned, with pale
brown cores and dark brown margins. Relics of mafic
minerals, replaced by carbonate minerals, contain
chromian spinel. Although the primary chemical com-
position is affected by the formation of secondary min-
erals such as carbonate, the SiO, and K,O contents of
the studied rock are 48-49 wt% and 3.6 wt%, respec-
tively, which are within the chemical range of absarok-
ite. Chondrite-normalized rare earth element and
primitive-mantle-normalized trace element patterns of
the studied volcanic rocks are characterized by high
LREEs/HREEs, high concentrations of LILEs, and
negative anomalies of HFSEs (Nb, Ti). These petrologi-
cal and geochemical characteristics represent a prima-
ry composition that has never before been reported in
the Hokuriku district.
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Fig. 1. (a) Locations of samples (stars) 160801 and
KAT2017-01 in northern Katsuyama City, Fukui Prefec-
ture. Base map is a simplified geological map after Miura
et al. (1996) and Fukui Prefecture (2010). Survey areas
where no biotite-phenocryst-rich volcanic rocks were
found are shown as (X). (b) Sample locations on a
1:25,000 topographic map by the Geographical Survey In-
stitute of Japan.
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Fig. 2. Photographs of 160801 (a) and KAT2017-01 (b).
Representative biotite phenocrysts are indicated by ar-
rows.
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Fig. 3. Optical photomicrograph of biotite-phe-
nocryst-rich volcanic rocks. (a) Typical example
of biotite (Bt) phenocryst and relics of mafic
mineral phenocrysts replaced by carbonate min-
erals. Plane-polarized light. (b) Cross-polarized
light image of (a). (c) Zoned biotite phenocryst
showing a pale brown core and a dark brown
margin with many opaque (black) mineral inclu-
sions. Plane-polarized light. (d) Close-up image
of a biotite phenocryst margin containing inclu-
sions of acicular apatite (arrows) and opaque
minerals (black). Plane-polarized light. (e)
Chromian spinel (spl) inclusions in a mafic min-
eral relic (relic). Plane-polarized light. (f) Re-
flected light image of (e). Note the differences
in reflectivity between chromian spinel and
opaque minerals. (g) Typical example of a bio-
tite phenocryst in a groundmass consisting of
fine-grained biotite, apatite, feldspar, and opaque
minerals. Plane-polarized light. (h) Cross-polar-
ized light image of (g).

Fig. 4. Optical photomicrographs of “micro-xe-
noliths” in the studied biotite-phenocryst-rich
volcanic rocks. (a) Elongate micro-xenolith.
Plane-polarized light. (b) Cross-polarized light
image of (a). (c) Micro-xenolith, outlined by the
dashed line, containing the skeletal shape of a
mafic mineral relic (Skeletal) replaced by car-
bonate minerals. Plane-polarized light. (d)
Cross-polarized light image of (c).
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Table 1. Modal amounts of phenocryst, groundmass, and

xenolith, and their biotite modes.
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Table 2. Whole-rock major and trace element composi-

tions of the biotite-phenocryst-rich volcanic rocks from

160801 KAT2017-01

47.0 48.0
1.9 1.8
129 126
11.2 10.3
0.2 0.1
6.9 7.7
114 114
23 22
3.5 3.5
1.1 1.1
98.4 98.7
10.3 104
1.6 1.6
42 46
4.0 3.1
30 31
11,058 10,781
305 293
417 295
37 35
101 92
115 101
1391 1361
28 27
295 282
8.8 8.4
1.8 0.9
1789 1817
40 38
92 88
11 11
49 48
" 11
34 3.2
9.3 9.0
1.2 1.1
6.1 5.9
1.0 1.0
26 25
0.33 0.31
2.0 2.0
0.29 0.28
76 7.3
0.47 0.46
6.1 5.8

Fe,Os* = total iron, LOI = loss on ig-

Katsuyama City.
Sample 160801 KAT2017-01 Y Y
All Volume% Volume%
(wt%)
Phenocryst 10 15 sio,
Groundmass 86 79 TiO,
Xenolith 4 7 Al 0,
F9203*
P&G Volume%  Biotite %  Volume% Biotite % mng
Phenocryst 10 7 16 7 oo
Groundmass 90 13 84 12 Na,0
K0
Volume% Biotite % Volume%  Biotite % P,05
Phenocryst only 100 67 100 44 SLUT“I’I
Groundmass only 100 15 100 15 K,0/Na,0
Xenolith only 100 18 100 12 (Ppm)
P & G = phenocryst and groundmass Li
B
Sc
Ti
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Fig. 5. Whole-rock K,O versus SiO, diagram for the bio- Tm
tite-phenocryst-rich volcanic rocks. The whole-rock com- Yb
positions were normalized to 100% volatile-free concen- Lu
trations before plotting. Nomenclature for high-K volcanic Hf
rocks is after Peccerillo and Taylor (1976). H.-K bas. and. Ta
= high-K basaltic andesite; bas. and. = basaltic andesite. Th
nition.
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Fig. 6. Chondrite-normalized
rare earth element patterns
and primitive-mantle-normal-
ized trace element patterns of
the biotite-phenocryst-rich
volcanic rocks from Kat-
suyama City, Japan. The
chondrite and primitive man-
tle concentrations are from
McDonough and Sun (1995).
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7t (Nb, Ti) DADEE 277 (Fig. 6).
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